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© Automatic analysis apparatus. 

© An automatic analysis apparatus is disclosed 
which provides for various analytical operations in 
clinical diagnosis and experiments including measur- 
ing the changes in light absorbance of a large num- 
ber of samples mixed with different reagents in a 
progressive manner, biochemical, electroiytical. flu- 
orescence, and immunological analysis and EIA ana- 
lysis of samples in bead solid phase. A plurality of 
samples are maintained, together with diluents and 
^emergency samples, in an ordered sequence on a 
g^rotatable sample table which is rotated by drive 
00 means in a stepping manner to move the samples 
progressively to a predetermined suction position at 
which a sample pipetter picks up a measured 
CO amount of sample and dispenses it to on of a 
^plurality of reaction containers that are arranged in 
©an ordered sequence on a reaction table capable of 
ft rotations, pref rably about said sample table. At 
qj least a pair of reagent tables are provided, each 
carrying a plurality of r agents different in kind fr m 
each other, s lected for various analyses to be per- 



formed. A first and a second reagent pipetter are 
provided and operated to pick up a measured 
amount of a particular reagent and mix it with any 
selected sample in the reaction containers. Each 
sample and reagent mixture may be scanned to 
measure the rate of light absorbance during a period 
of time as the reaction containers are rotated on the 
reaction table by a photometer system including a 
rotating frame carrying thereon filters for different 
wavelengths through which the optical beam from a 
light source is passed to traverse the reaction con- 
tainer to be sensed by an optical sensor as the 
reaction container is rotated. Each reagent pipetting 
tube is provided with an agitator means which is 
operated, after each dispensing operation of the 
pipetting tube into the reaction container, to stir the 
mixture in the reaction container into a homogenous 
state for proper reacti n. At least one of the r agent 
tables is divided into a room temperature compart- 
ment wh r the reagents are k pt at room tempera- 
ture and a cooling compartment connected to cool- 
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ing means through pipings in which the reagents are 
kept at a desired low temperature. The room tem- 
peratur compartment may comprise a heating ele- 
ment mounted at the bottom of the compartment 
and connected to a power source through a circuit 
extended in the reagent table. A cleaning system is 
incorporated which, while suspending the reagent 
pipetter of its reagent dispensing operation during 
the round of analytical operation at a predetermined 
interval, causes its reagent pipetting means to suck 
up a measured amount of a detergent solution from 
one of a plurality of detergent containers arranged in 
order on the reagent table and discharge the 
sucked-up fluid into an emply reaction vessel moun- 
ted on the reaction table so that the residue of 
reagents that might have remained adhered to the 
tubes may be removed. 
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AUTOMATIC ANALYSIS APPARATUS 



BACKGROUND OF THE INVENTION 



1) Field of the Invention: 

The present invention relates in general to an 
automatic analysis apparatus and, in particular, to 
such a device as is capable of various analytical 
operations accurately at high speed, such as bio- 
chemical analysis, immunological analysis, deter- 
mining the drug content in blood, and electrolytic 
analysis. 



2) Description of the Prior Art 

Various types of automatic analysis ap- 
paratuses have been proposed, in which a sample 
is mixed with a reagent in order to observe the 
resultant reaction in an automatic manner. One 
such example is disclosed in the Japanese laid- 
open patent application 60-139553. It consists of a 
number of sample containers each containing a 
discrete sample arranged, together with diluent 
supply pipes, on a sample table; a number of 
reaction vessels laid on a reaction table that is 
disclosed in rotating around the sample table; a 
first and second group of reagents orderly set on a 
first and second reagent table, respectively; a sam- 
pling device for dispensing a sample from the 
sample table into one or more of the vessels on the 
reaction table; a first and second reagent dispens- 
ing mechanism each adapted to dispense a 
reagent from the reagent tables into the samples in 
the reaction vessels sequentially; and a photomet- 
ric means for measuring the changes of the mix- 
tures in them during a period of time by col- 
orimetry. 

However, this typical apparatus has been 
proved to be desirably fast and efficient in handling 
a large number of samples with proper identifica- 
tion of the reaction vessels for reagent dispensing. 
In addition, the photometer requires means to ad- 
just the intensity of fight rays passed through fil- 
ters, making the construction complicated. Further- 
more, this apparatus cannot b used for anything 
other than biochemical analysis. 

Other devices have been d signed for limited 
purposes and might hav been constructed, but 
they would have been complicated mechanisms, 
large in size, with a resultant increase in cost to 
incorporate into them various analytical functions. 



such as for biochemical, immunological, and elec- 
trolytic analyses and measuring the drug content in 
blood, since they differ from one another in the 
sequence of handling samples in reaction with the 

5 reagents. 

Another disadvantage of those conventional 
automatic analysis apparatuses is the inability to 
keep a reagent in a suitable condition until it is 
actually mixed with the sample. While some 

70 reagents used in enzyme analysis must be kept at 
between 2° to 10°C and others are readily affected 
by high temperature, the environments in which 
they are used may be at high room temperature, 
causing them to deteriorate. 

75 It is this situation that gave rise to the present 
invention. 

SUMMARY OF THE INVENTION 

20 

A primary object of the present invention is to 
provide an automatic analysis apparatus for clinical 
use capable of a variety of analytical operations. 
26 such as biochemical, electrolytic, and immunolog- 
ical analyses and measuring the drug content in 
blood by the homogenous system antigen-antibody 
or the fluorescence method. 

Another object of the present invention is to 
30 provide such a device capable of accurate opera- 
tion at high speed. 

A further object of the present invention is to 
provide such a device which is simple in construc- 
tion and can accordingly be built at low cost. 
35 An additional object of this invention is to pro- 
vide such a device which is very easy to operate in 
distributing samples and reagents between a large 
number of reaction vessels. 

Still another object of this invention is to pro- 
40* vide such a device capable of controlling the tem- 
perature of reagents. 

A further object of this invention is to provide 
such a device in which a sample can be tested 
with two or more reagents for different analyses in 
45 a successive manner. 

An additional object is to provide such a device 
capable of stirring the contents of a reaction vessel 
into a homogenous state. 

An additional object is to provide a device 
so capable of bioch mica! and qualitative analys s by 
photometric m ans. 

Th above and other objects, features and ad- 
vantages of the present invention can be more fully 
understood and appreciated from the following de- 
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tailed d scription of its specific embodiments to- 
gether with th accompanying drawings in which 
similar parts are referred to by like reference char- 
acters. 



BRIEF DESCRIPTION OF THE DRAWINGS 



The invention will now be described in greater 
detail with reference to the drawings. 

FIG. 1 is a plan view of a first preferred 
embodiment of the automatic analysis apparatus 
according to the present invention; 

FIG. 2 is a cross-sectional view of a sample 
pipetting means integrated with a reagent pipetting 
means for the embodiment of FIG. 1; 

FIG. 3 is a schematic view of the sample 
pipetting means for the embodiment of FIG. 1; 

FIG. 4 is a schematic view of a reagent 
pipetting means device for the embodiment of FIG. 
1; 

FIGS. 5 and 6 each show a schematic view 
of a different operating position of a photometer 
system for the embodiment 

FIG. 7 is a schematic view of a bead dis- 
pensing device for the embodiment; 

FIG. 8 is a cross-section view of a cooling 
system for the reagent table of the automatic ana- 
lysis apparatus according to the present invention; 

FIG. 9 is a view taken along the line Xlli-XIII 
of FIG. 8; 

FIG. 10 is a perspective view of the reagent 
container; 

FIG. 11 is a cross-sectional view of a tem- 
perature control system for the reagent table of the 
automatic analysis apparatus according to the 
present invention; 

FIG. 12 is a view taken along the line XVI- 
XVI of FIG. 11; 

FIG. 13 is a shielding partition for the tem- 
perature control system of FIG. 11. 

FIG. 14 is a cross-sectional view of a second 
modification of the temperature control system for 
the reagent table of the automatic analysis appara- 
tus according to the present invention; and 

FIG. 15 is a perspective view of the tempera- 
ture control system of FIG. 14. 



DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 



Ref rring first to FIG. 1 , an automatic analysis 
apparatus constructed in accordance with a pre- 
ferred embodiment of the present invention is in- 
dicated by the reference character X. The main 



units of th analyzer X includes a sampl table 4 
disposed for rotation about a vertical axis. A plural- 
ity of sample containers 1 are arranged along an 
outer diameter in the top surface of the sample 

5 table 4, and each contain therein a sample to be 
examined, such as blood serum. or urine. 

Also, a plurality of diluent sample containers 2 
are laid on the sample table 4 along an inner 
diameter, internally of the sample containers 1 . and 

10 each contains a diluent to be mixed with the sam- 
ple so as to give a sample solution of a known 
concentration. 

The sample table 4, as may best be shown in 
FIG. 2, is driven by drive means 41 in a stepping 

is manner to bring the sample containers 1 succes- 
sively to a predetermined sampling position, in- 
dicated at "a", where a measured amount of sam- 
ple is taken from the sample container 1, as will 
later be described. 

20 A reaction table 6 is rotatably disposed around 
the sample table 4 and carries a plurality of reac- 
tion vessels 5 arranged on its circumference. The 
reaction table 6 is rotated by a drive means 61 in a 
stepping manner to move the reaction vessels 5 

25 successively to a predetermined discharge posi- 
tion, designated at "b n , where the aliquot of sample 
taken from the cup at position "a" is discharged 
into the reaction vessel 5. 

Similarly, a first and a second reagent table 7, 

30 7 are provided, each with a plurality of reagent 
containers 8, 8 arranged around their peripheries: 
Each of the reagent containers 8 on the first 
reagent table contains a first reagent while the 
reagent containers on the second reagent table 

35 each contain a second reagent. The reagent tables 
7. 7 are individually rotated by a separate drive 
means 71 to rotate their reagent containers 8 in an 
indexing manner to a predetermined position "d" 
(in the case of the first reagent table) or n e n fin the 

40 second reagent table), at which a measured 
amount of reagent is picked up, moved over to the 
reaction table 6, and discharged into the reaction 
vessel 5 that is just moved to position T (for the 
first reagent) or n g" (for the second reagent). 

45 The sample table 4, the reaction table 6, and 
both reagent tables 7 are each provided with con- 
ventional sensor means, not shown, to identify 
each of their containers as they are rotated into the 
proper operating position for sampling, discharging 

so or dispensing, so that the progress of the reaction 
for a particular sample in the cuvette can be fol- 
lowed up. 

Referring now to FIG. 3, a sampl pipetting 
device is provided adjacent to the sampl table 10, 
55 which has a pair of first and second pipetting tubes 
11 and 12 mounted on both ends of a horizontally 
sliding pipetting holder 94 for shifting the first and 
second pipetting tubes 11. 12 betw en three hori- 
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zontally spaced positions. This sliding movement of 
the pipette holder 94 may be induced by a pinion 
and rack mechanism 93. with suitable conventional 
means, not shown, to lock the pipette holder 94 at 
each of the three positions as desired. 

The pipette holder 95 is fixedly supported at its 
center on the top of a vertical column 96 pivotally 
disposed for rotation about its own axis. Oper- 
atively connected to the vertical column 96 is drive 

i means 92, which rotates the pipette holder 94 

about the vertical column 96. In addition, the verti- 
cal column 96 can slide vertically and may be 

( moved by a rack and pinion mechanism 91 be- 

tween an upper travelling position where the pi- 
pette holder 95 can be rotated to locate its first and 
second pipetting tubes 11 and 12 at their operating 
position and a lower operating position where the 
pipetting tube may be lowered into the container at 
its proper position for sampling or dispensing. 

The first and second pipetting tubes 11 and 12 
are connected to a sampling pump 21 (FIG. 1) 
through an electromagnetic control valve 97 which 
connects the sampling pump 21 to either of the 
pipetting tubes to control the suction and discharge 
of the pipetting tube. 

In actual practice, the pipetting tube may be 
made to aspirate an amount of water first, and then 
the sample aliquot, with the interposition of enough 
air to prevent direct contact between them, so that 
the sucked water, after the dispensation of the 
aliquot into the reaction vessel 5, is forced out to 
flush the inside of the pipetting tube, preferably, 
this flushing may be carried out at a position dia- 
meterically opposite to position "a", to which the 
sample pipetting tube may be automatically rotated 
through 180° after each dispensation. 

This design enables the first and second pipet- 
ting tubes 11 and 12 to be employed in an al- 
ternate manner. Rotation of the current pipetting 
tube, after discharge of its sample portion, to the 

1 flushing position brings the other sample pipetting 

tube to position "a". While this pipetting tube is 
used for sampling operation, the first pipetting tube 

• is flushed out so that it is prepared for the next 

sampling operation, thereby reducing operating 
time. 

With this arrangement, when, during actual op- 
eration, the one pipetting tube 11, for example, is 
lowered to its lower position at sampling position 
V, the sampling pump 21 is driven to cause the 
pipetting tube 11 to pick up a predetermined 
amount of sample, since the electromagnetic valve 
97 is now connecting the line 97c with the line 97a 
(both lines newly numbered in red in an enclosed 
unofficial copy of FIG. 7) to which the pump 21 is 
connected. The pipetting tube 11 is then lifted 
upward to its trav ling position and rotated horizon- 
tally to discharge position "b w , where it is again 



lowered to its lower position to discharge the 
sucked-in sample of aliquot into the reaction vessel 
5 that is now standing at that position. As will be 
clear from a study of FIG. 1, when the pipetting 

5 tube 11 is at position "b" t the other pipetting tube 
12 must stand at flushing position "m". Thus, im- 
mediately after the aliquot sample discharge by the 
pipetting tube 11, the electromagnetic valve 97 
switches line connection to line 97b and the sam- 

70 pling pump 21 is activated to cause the pipetting 
tube 12 to discharge the remaining amount of 
flushing water to clean out the inside of the pipet- 
ting tube. Preferably, a trough should be placed at 
position "m" and filled with enough cleaning liquid 

75 so that when the pipetting tube 12 is in its lower 
position, its lower end portion will be submerged in 
the liquid for external cleaning. Adjacent to the 
trough, means may be provided to dry a wet pipet- 
ting tube .11 or 12 that has been dipped into the 
. 20 trough. After being cleaned, the pipetting tube 12 is 
ready for .the next cycle of operation. 

On both the first and second reagent tables 7, 
there is a pair of first and second reagent contain- 
ers 8 on both sides of the sample table 4. These 

25 containers provide a measured amount of reagent 
selected for the analysis being conducted, to the 
reaction vessel 5 at predetermined position T (in 
the case of the first reagent pipetting tube) or "g" 
(in the case of the second reagent pipetting tube). 

30 Since the reagent pipetting means 13, 13 are 

substantially similar in construction to each other, 
only the first reagent pipetting means will be de- 
scribed. However, it should be understood that the 
description refers to the other reagent pipetting 

35 means as well. 

Referring to FIG. 4, the reagent pipetting 
means 13 consists of a vertical shaft 136 disposed 
for rotation about its axis, a pipette holder 133 
fixedly supported at its midpoint on the top of the 

40 shaft 136, and a pair of reagent pipetting tubes 14 
and 15 mounted at both ends of the pipette holder 
133. 

The shaft 136 is rotated by drive means 132 to 
turn through the pipette holder 133 the reagent 

45 pipetting tubes 14 and 15 for a purpose that will 
later be described. Also, the shaft 136 is moved 
vertically by a rack and pinion mechanism 131 to 
move the pipettes between an upper travelling po- 
sition where the pipette holder 133 can be rotated 

so by the drive means 132 and a lower operating 
position where the first reagent pipetting tubes can 
suck up an aliquot of reagent from the vessel 
Icoated at "d" or, in the case of the second reagent 
pipetting tube, "e", or discharge the sucked 

55 reagent aliquot into the cuvette that has just been 
moved to a predetermined dispensation position 
"f" or, in the case of the second r agent pipetting 
tube, n g". 
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The first and second reagent pipetting tubes 14 
and 15 are connected to a reagent pump 22 via an 
electromagnetic vafv 137 which switches conn c- 
tion to the pump 22 between the reagent pipetting 
tubes. The reagent pump 22 controls the suction 
and dispensation of the reagent aliquot Preferably, 
sensor means, not shown, may be attached to each 
reagent pipetting tube to detect the lowering of the 
reagent pipetting tube into the reagent container for 
suction and send information to the mechanism 
181 which in turns acts to prevent the reagent 
pipetting tube from being submerged too deep into 
the reagent 

As with the sample pipetting means 9. it is so 
designed that the pipetting tubes 14, 15 in opera- 
tion sucks a proper amount of water first and then 
sucks the reagent aliquot, with the interposition of 
some air. The sucked water is used to flush the 
pipetting tube inside. This flushing may preferably 
be done at a predetermined cleaning position dia- 
metrically opposite to position n d w or, in the case 
of the second pipetting tube, "e" so that the pipet- 
ting tubes is used in an alternate manner. 

With the above-mentioned arrangement in op- 
eration, the reagent pipetting device 13 in their 
upper travelling position is rotated and lowered to a 
lower operating position at the proper container at 
position "d" or "e" (for a second reagent) to suck 
up a measured amount of reagent from the reagent 
container. Then, the pipette holder 133 is raised 
again and rotated to the reaction vessel 5 that has 
just been rotated to position "f" or °g n (for a 
second reagent), and lowered to position 538 or 
548 (for the second pipetter), and lowered to bring 
the proper reagent pipetting devices 521 or 522 
into the reaction vessel 22 to dispense the sucked 
reagent to mix the sample in it. 

To blend the mixture in the reaction vessel 5 
uniformly, agitator means 39 may preferably be 
provided attached to each of the reagent pipetting 
tubes 14 and 15, which is operated after each 
dispensing operation by the pipetting tube. The 
agitator means may comprise a nozzle, not shown, 
and an air pump, not shown, operatively connected 
to the nozzle through a line and adapted to supply 
air thereto when the nozzle is inserted into a reac- 
tion vessel 5. The distance between each pipetting 
tube and its nozzle may be such that the latter 
operates at position "h" or "i w two steps ahead of 
the dispensation position "f" or "g". 

The sample table 4, reaction table 6, and both 
reagent tables 7 are operated in a timed relation- 
ship with the sample pipetting means 9 and both 
reagent pipetting means 13 so that the mixing of a 
sample or emergency sample, with or without a 
diluent with a first and a second reagent in a 
particular reaction vessel 5 to produce the desired 
reaction to be monitored is controlled. 



Preferably, their operation may be governed to 
conduct a particular analysis by a program in a 
microcomputer 33 with a CPU" 35 for processing 
the analysis results with a disk unit 37 for storing 

6 the data, and a CRT display 36 or a printer 38 f r 
outputting the data (FIG. 1). 

Referring again to FIG. 1, a cleaning station 19 
is provided, mounted adjacent to the sample tabl 
4 t for washing reaction vessels 5. When the reac- 

10 tion vessels 5, after the reactions taking place in 
them have been measured, are rotated to position 
T, they are washed in a detergent supplied from a 
detergent pump 24 at the cleaning station "j". The 
cleaning may preferably be done in eight steps 

75 including washing with an alkali and acid cleaning 
agent 

Also, a photometer system 140 is provided for 
biochemical analysis of samples. It is so designed 
that the photometer system 140 measures progres- 

20 sively the changes in light absorbance of samples 
in reaction vessels 5 after they have been mixed 
with a reagent so, that the progress of the reactions 
taking place in them is monitored as the reaction 
vessels 5 are rotated in the reaction table 6. Refer- 

25 ring further to FIGS. 1 and 2, the system 140 
comprises a source of light 141 which produces an 
optical beam to traverse a lens 142 to pass through 
a reaction vessel 5. The optical beam leaving the 
reaction vessel is reflected by a reflector 143 to go 

30 through a slit 144 to a spherical diffraction grating 
145 which disperses the beam to be sensed by an 
optical sensor 146 such as a photodiode capable of 
sensing a wide range of wavelengths. The 
wavelengths sensed in the dispersed optical beams 

35 are converted by an analog-to-digital converter to 
an electrical signal to be computed to determine 
the density of the liquid in the reaction vessels. 

Each reaction vessel 5 has a pair of diamet- 
rically opposed slits 63 opened in its receptacle 60, 

40 as may best be depicted in FIG. 2, through which 
the beam from the light source 142 is passed 
through its contents for scanning. 

In biochemical analysis, where a sample re- 
quires mixing of two or more reagents from the 

45 reagent table 7, they are arranged in a required 
number of reagent containers 8 arranged in or- 
dered sequence on the table. In this case, th 
reagent table 7 may be controlled to rotate back 
one step after every preceding reagent is dis- 

50 pensed so that the first and second reagent pipet- 
ting tubes 14, 15 discharge the subsequent reag nt 
at the same reagent dispensing position "f" or "g". 

A sampling position for lectrolytic analysis, 
designated at position n c", may preferably b lo- 
ss cated on the diam ter of rotation of the sampl 
pipetting m ans 9 in th r tracted position of its 
arm. In electrolytic analysis, which may b carried 
out simultaneously with biochemical analysis, a 
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container may be placed at position "c" to receive 
part of a sampl through the sampl pipetting 
means 9. and transported mechanically or man- 
ually to an electrolytic analyzer 23 where the sam- 
ple is electrolyticaiiy measured (FIG. 1). The ana- 
lyzer 23 may preferably be connected to the CRT 
display 36 which processes electrolytical readings. 

Also, provision may be made for EIA analysis 
means 16 of samples in bead solid phase. Refer- 

i ring to FIGS. 1 and 7, a bead table 160 is located 

adjacent to the reaction table 6, which consists of a 
plurality of bead stockers 17 circumferentially ar- 

t ranged in the bead table 160, a drive means 161 

which rotates the bead table 160 in a stepping 
manner to move the stockers 17 successively to a 
predetermined feed position "k tt where beads 162 
are fed into the reaction vessels 5 as they are 
rotated to this position, and a lever 163 which is 
actuated by an electromagnetic solenoid 164. 

A bead disposal device 18 is mounted at a 
proper point along the reaction table 6 from the 
bead table 160, which removes the beads 162 from 
the reaction vessels 5 after they are rotated, after 
the completion of the measurement, to a predeter- 
mined position, not shown, where the beads 162 
are removed from the reaction vessel 5. The de- 
vice 18 may be composed of a suction nozzle for 
collecting beads by suction, lifting means to move 
the nozzle into the reaction vessel, and drive 
means to rotate the nozzle to the bead disposal 
position. 

In a more preferred embodiment, an optical 
beam transmitting means is provided which in- 
cludes a movable frame 148 adapted to carry 
thereon said reaction vessels 6 and movably dis- 
posed for vertical movement relative to said reac- 
tion vessels 5 between an upper position for EIA 
analysis of samples in bead solid phase and a 
lower position for biochemical analysis. In the up- 
per position, the optical beam from the light source 

* 141 traverses the reaction vessel 5 to be scanned 

through a straight horizontal path to be scanned by 
the optical sensor Y. On the other hand, in the 

t lower position of the frame, the optical beam is 

guided to pass through an optical system com- 
posed of a lens 142 for focal adjustment and four 
reflectors 1 47, arranged at each monitoring location 
in the frame 148, such that the optical beam is 
allowed to traverse the reaction vessel 5, without 
being interrupted by the beads lying in the lower 
part of the reaction vessel 5, to be sensed by the 
optical sensor Y. Furthermore, this arrangement 
can provide for measuring with small amounts of 
sample in reaction vessels 5. 

In addition, located between th bead table 160 
and bead disposal device 18 is a fluorescence 
analyzer 20 which measures the density of drugs 
contain d in blood. The procedure for fluor sc nee 



analysis using analyzer 20 is substantially similar to 
biochemical analysis, exc pt that the r tation of the 
reaction table 6 must be arrested during operation. 
In operation, the sample in a reaction vessel 5 

5 is disposed to be excited by an optical beam 
passed through an interference filter, which may be 
of a type capable of producing a wavelength of 485 
nm. The light leaving the sample is passed through 
a second interference filter, which may be a type 

ro capable of producing 525 nm, to be sensed by an 
optical sensory. The analyzer 20 may preferably be 
connected to a computing system which computes 
readings amplified and converted jn digital form to 
determine the density of drugs contained in the 

is sample. 

Referring then to FIGS. 1, 2, 3 and 4, besides 
the foregoing means to move the reagent contain- 
ers 8 on the reagent tables 7 sequentially and the 
reagent pipetting means 1 3 to dispense a predeter- 

20 mined amount of reagent from one of the reagent 
containers 8 into a reaction vessel 5 containing a 
sample for analysis of the resultant reaction in the 
vessel, the analyzer X may includes means by 
which the reagent pipetting means 1 3 washes itself 

25 at intervals using detergent kept in reagent contain- 
ers 8a and 8b placed on the reagent tables 8. 
Washing may be achieved by causing the reagent 
pipetting means 13 to pick up an aliquot of deter- 
gent from one of the detergent container 8a, 8b 

30 and discharge it into a reaction vessel 5 that has 
just been moved into the washing position. This 
washing feature is added to insure reliability and 
precise analysis by preventing contamination by 
reagent from earlier operations that might be ad- 

35 hering to the pipetting tube 14 or 15 of the reagent 
pipetting means. 

Each of the reagent tables 7 may hold a variety 
of reagents in reagent containers 8 for different 
kinds of intended testing, and, in this particular 

40 embodiment a pair of detergent containers 8a and 
8b each containing a different detergent, used to 
wash from the pipetting tube 14, 15 any residue of 
previously used liquids that might remain adhered 
thereto. The detergent container 8a may contain an 

45 acid detergent, for example, a non-ion acid deter- 
gent, while the other container 8b may hold an 
alkali detergent, for instance, a special basic deter- 
gent 

With this arrangement, it may be designed that 
so the reagent pipetting means 13 puts its first and 
second pipetting tubes 14 and 15 to the washing 
operation at a predetermined time interval, for ex- 
ample, at the end of a cycle in which v ry 40 
samples are handled in the analytical process of 
55 reagent dispensing and intended tests and mea- 
surements including determination of absorbency. 

In this particular embodiment it is so pro- 
grammed that the washing operation is started 
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when a particular set cted reaction vessel 5 on the 
reaction tabl 6 advanc s 40 steps from a pre- 
determined reference point At the end of the 
washing operation, the analyzer X is again put back 
to the suspended analysis until, at the end of a 5 
second round of work with 40 samples, the next 
cycle of washing is started again. 

The above periodic operation of washing may 
be programmed into a sequence of steps for the 
analyzer X. When the washing operation starts ac- 10 
cording to such a predetermined sequence, the 
reagent table 7 is rotated to move the detergent 
container 8a to the pick-up position "d". and the 
reagent pipetting means 13 . now suspended of 
dispensing reagent into a reaction vessel 5, brings 75 
its pipetting tubes 14, 15 about in turn allowing 
them to pick up a predetermined amount of acid 
detergent from the detergent container 8a. Then, 
the pipetting tubes 14, 15 turn around to a di- 
scharge position "f" in turn where the -sucked up 20 
detergent aliquot is discharged from each pipetting 
tube into a reaction vessel 5a that has just been 
rotated to that position so that the residue of deter- 
gent from earlier operations is flushed. This reac- 
tion vessel 5a is already washed by the cleaning 25 
device 19 and contains no mixture of sample and 
reagent. Needless to say, positioning an idle reac- 
tion vessel 5a for pipetting tube cleaning to the di- 
scharge position "d" is timed with the cycle of 
washing operation according to the program. 30 

After the discharge position "f", the pipetting 
tubes are rotated to a cleaning trough 13a of fresh 
water where they are rinsed. This washing in deter- 
gent and rinsing in pure water is repeated several 
times. Then, the reagent table 7 is rotated to move 35 
a second detergent container 8b containing alkali 
detergent to the pick-up position "d" where the 
pipetting tubes 14, 15 are caused to suck up an 
aliquot of alkali detergent and then turned to the di- 
scharge position "f " where they are allowed to di- 40 
scharged the sucked detergent into a reaction ves- 
sel 5a that has just been rotated to that position. In 
this way, the pipetting tubes 14, 15 are cleaned of 
the residue of reagent that might remain adhered 
thereto from earlier operation as described above 45 
in association with the detergent container 8a. Like- 
wise, the first and second pipetting tubes 14, 15 
are brought to the cleaning trough 3a and rinsed 
with pure water. 

This washing operation with alkali detergent is so 
also repeated several times, the pipetting means 

13 are returned to the suspended analysis and the 
reaction vessel 5a is moved to a predetermined 
r action vessel cleaning position "J" wh r the re- 
action vess I 5a is cleaned of the waste. 55 

In this way, the first and second pip tting tubes 

14 and 15 of the reagent pipetting means 13 can 
be kept always clean. Without this, since the pipet- 



V 

ting tubes 14, 15 are constantly plunged into dif- 
ferent kinds of reagents and so measured with 
some particular ingredients contained in them that 
might remain adhered to the tube from earti r 
operations and that might affect the process of 
reaction in the next operation with a different 
reagent deteriorating the performance of the ana- 
lyzer X, even if the pipetting tubes 14, 15 are 
washed with pure water. 

By washing the pipetting tubes 14, 15 with » 
detergents and pure water at an interval in the 
progress of analysis, 24-hour continuous operation 
becomes possible, particularly convenient wh n $ 
this is necessary for emergencies. 

Thus, according to the above-mentioned em- 
bodiment, sppedy cleaning of the pipetting tubes 
14, 15 of the reagent pipetting means 13 and the 
reaction vessel 5a can insure the reliable and pre- 
cise operation of the analyzer X and prevent possi- 
ble loss of performance that might result from the 
residue of liquids from earlier operation. 

It is to be noted that the present invention 
should not be limited to the above illustrated em- 
bodiments, but applicable to other forms of ana- 
lyzer construction. For example, the layout of 
reagent containers and the shape of the reagent 
tables may be linear, with the reagent containers 
being moved along a straight line. Also, this inven- 
tion puts emphasis on the washing of the pipetting 
tubes of the reagent pipetting means, not on a 
particular configuration of washing means, so that 
there are a considerable variety of washing means 
besides the above-described embodiments. 

Furthermore, a temperature control system 31 
may preferably be provided which controls the 
temperature of the reaction vessels 5 at a constant 
level. 

Referring further to FIGS. 8 through 10, a con- 
ditioning means for controlling the temperature of 
the reagent containers 8 may preferably be pro- 
vided in each of the first and second reagent tables 
70. Since the both temperature control means are 
substantially similar in construction to each other, 
the one for the first reagent table 70 will be de- * 
scribed. Thus, it should be understood that th 
description also refers to the other control means 
as well. 

The reagent table 70 is supported by a fixed 
vertical column 73 in the center having an axial 
hollow portion 74. Also, the reagent table 70 in- 
cludes a circular side plate 70a, a bottom plate 
70b, and an inner plate 70c. The side plates 70a 
and 70c and bottom plat 70b form togeth r a 
toroidal tray, g nerally designat d at 70A, disposed 
to rotate on the column 73 through vertically 
spaced bearings 90 and rotated by the driv 
means 72 through its driving gear 78 that is in turn 
engaged with an int mal gear 77 affixed to the 
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undersid of th bottom plate 70b. 

The plurality of reagent containers 8 may pr f- 
erably b shaped in cross section, like a uniform 
sector of a circle, as depicted in FIG. 10, with an 
opening 71 at their top for sampling by the reagent 
pipetting tubes 14, 15, and arranged in a radial 
pattern, as shown in FIG. 9, between the side 
plates 70a and 70c of the toroidal tray 70A, with a 
gap 83 between the reagent containers 8 for proper 
ventilation. 

The toroidal tray 70A is enclosed by an outer 
housing 76 composed of a side plate 76a, a bottom 
plate 76b. and a top cover 76c. as may best shown 
in FIG. 8, with the bottom plate 76b secured to the 
column 73. The top cover 76c is levelled high 
enough above the top of the vessels 8 to provide a 
space 82 beneath the cover. 

Furthermore, the bottom plate 70b of the 
toroidal tray 70A may preferably raised, along with 
the internal gear 77 at its bottom, from the bottom 
plate 76b to provide a space 84 below the tray 
70A. In addition, a number of throughholes 81 are 
defined through the bottom plate 70b and internal 
gear 77. 

The cooling means 87 may be any suitable 
type of known design capable of generating cooled 
air, which consists of a supply line 88 and a return 
line 89. The supply line 88 is connected to an inlet 
port 85 defined in the hollow portion 74 of the 
column 73 at its lower part to supply the toroidal 
tray 70A with cooled air through an axial passage 
75 defined in the hollow portion 74. 

The return line 89 is connected to circumferen- 
tial vent holes 86 in the bottom of the bottom plate 
76b. 

With the above arrangement, the cooled air 
from the cooling means 87 can be circulated in the 
toroidal tray 70A, through the passage 75. space 

82 between the top cover 76c and vessels 8, gaps 

83 between the vessels, throughholes 81 in the 
bottom plate 70b, and space 84 beneath the plate 
70b before returning to the means 87 through the 
return line 89. 

The cooling means 87 may preferably be con- 
nected to a temperature control, not shown, to 
provide required temperature control depending on 
the type of the reagent used. This design can not 
only cool the liquid in the reagent containers 8 but 
also optimize cooling since the toroidal tray 70A is 
housed in a virtually airtight enclosure, with resul- 
tant low cooling cost. 

Referring to FIGS. 11 through 13, a modifica- 
tion of the conditioning m ans of FIGS. 8 through 
10 will be described; Although most reagent re- 
quires strict temperature control for desired reac- 
tion with the sample with which it is mixed, dif- 
ferent reagents must b kept at different levels of 
temperature. For example, enzymatic reagents 



n ed to be maintained at 2 to 10°C whil others, if 
cool d too xcessively, tend to lose their activity in 
reaction or crystallize. When different reagents re- 
quiring control at diff rent temperature lev Is have 
s to be carried on a reagent table at the same time, 
provision must be made to give separate tempera- 
ture control. 

To this aim, the toroidal tray 70A is divided into 
two portions, one of which is kept at room tempera- 
70 ture, and reagents which should be maintained at 
room temperature are stored in this portion. The 
other portion is connected to the cooling means 87 
for cooling reagents which require to be kept at low 
temperatures. 

75 A sectorial shell 740. preferably shaped as in 
FIG. 13 and made of a heat insulating material, is 
provided. Having the substantially same radius as 
the circular side wall 70a of the toroidal tray 70A, it 
is fitted snugly within the tray, as illustrated in FIG. 

20 12 to isolate a group of containers 739 containing a 
first reagent to be maintained at room temperature. 
The rest of reagent containers 8 in the tray 70A 
each contain a second reagent to be cooled to low 
temperature as by means of the cooling means 87. 

25 A second vertical passage 735 is defined in the 
vertical column 73 to open to the atmosphere 
through an inlet port 733 provided at the lower end 
of the passage. Connected to the passage 735 is a 
space 738 defined below the bottom of the contain- 

30 ers 739 through a vertical opening formed along 
the inner periphery of the shell 740. In that part of 
the bottom plate 70b falling beneath the containers 
739 are defined a number of throughholes 730 to 
intercommunicate the space 738 and gaps 736 

35 defined between the side walls of the containers 
739. 

With the above arrangement, the cooled air 
from the cooling means 87 first enters the vertical 
central passage 75 through an inlet 85, moving into 

40 the space 82 defined between the top cover 76c 
and the top of the reagent containers 8 in the tray 
70A and then through the gaps 83 between the 
sides of adjacent containers 8 into the space 84 
formed between the bottom of the containers 8 and 

45 bottom plate 70b. The air leaving the space 84 
enters the bottom space 84a defined between the 
bottom plate 70b and the bottom 76b of the outer 
housing 7b through holes 81 in the bottom plate 
70b before exiting the tray 70A through the vent 

so hole 86 to return to the cooling means 87 through 
the return line 89. In this particular embodiment, 
the cooling occurs in the leftside of the toroidal 70A 
in FIG. 11. The numeral 332 indicates, in the form 
of an arrow, the direction of air flow. 

55 Ambi nt air ntering at the port 733 go s 
through the passage 735, th gaps 736 b tw en 
the containers 739 and the throughhol s 730. 

In this manner, th reagent v ssels 739 are 



9 



15 



0 289 789 



16 



placed in a circulation of ambient air, insulated in 
th sh II 740 from the co led environment in which 
the r st of reagent containers 8 are placed under 
low temperature control. 

Another embodiment of the separate tempera- 
ture control system for the reagent tables 1 3 will be 
described with reference to FIGS. 14 and 15. This 
embodiment is constructed with the basic structure 
of the earlier embodiment described above in asso- 
ciation with FIGS. 8 and 9 and hence similar parts 
are indicated by like reference numbers and char- 
acters. 

In this particular embodiment, the cooling air 
from a cleaning means, not shown, enters the 
reagent table from an entrance 685 opened at the 
lower end of the vertical hollow column 73 via a 
supply line 688. The cooling air moves up the 
passage 75 formed in the axial hollow portion 75 of 
the vertical column 73 into the joining section 619 
and then takes a downward path following the 
arrows in the cooling section 620 so that the top 
portions and sides of the reagent containers 8 are 
fully exposed to the flow of the cooling air, losing 
their heal through contact with it by the effect of 
heat exchange. 

The cooling air is then forced to exit the cool- 
ing section 620 and leave the reaction table via the 
vent hole 86, and is discharged into the atmo- 
sphere. In an alternative modification, the vent hole 
86 may be connected to the cooling means, not 
shown, by a return line so that the air leaving the 
reagent table is re-cooled for re-circulation. 

The toroidal tray 70A also has a room tempera- 
ture section 630 in which reagent can be kept at 
room temperature in reagent containers 739. The 
room temperature section 630 may comprise a 
heating element 632 that is placed in the space in 
the reagent table 7 just below the room tempera- 
ture section. 

In this embodiment, the heating element 632 is 
connected to a switch, not shown, in a terminal box 
625, which in turn is connected to a power source, 
and includes a heating circuit comprised of a con- 
tact 621 b t a cable, depicted in broken lines in FIG. 
14, and bearings 622 made of a conductive ma- 
terial. 

The cable may be extended in an axial groove 
part defined in the fixed column 73 or in the space 
defined between the fixed column 73 and the inner 
plate 70c 

With this arrangement, closing the switch in the 
terminal box connects a power source, not shown, 
to the heating element 632, which in turn generates 
heat to keep the heating section 630 at a desired 
temperature or, depending on the capacity of the 
heating element, at room temperature. Because of 
the design described above, this heating system 
can be built in a simple construction, without addi- 



tion of, any special device, except for the h ating 
efem nt 632 and its heating circuit. 

In addition, becaus of the design of the % 
toroidal tray that the room temperature section 630 

s has its wall members 630a, 630b and 630c ex- 
tended above the circular side plate 70a, entrance 
of the cooling air in the cooling section 639 through 
the passage 75 into the room temperature section 
630 is prevented. In this way, the reagent table 7 

70 provides for storing different kinds of reagent at 
different temperatures, with the reagent containers 
8 in the cooling section 630 kept cool while the 
reagent containers 739 are maintained at warmer 
or room temperature. 

75 In addition, selection of the capacity of the 
element 632 and the cooling means, temperature 
control of a variety of kinds of reagent can be 
stored, filled in reagent containers 8, 739 in the 
sections 630, 639 in spite of changes of tempera- 

20 ture in external environment where the analyzer X 
is operated. 

Claims 

25 

1. An autoamtic analysis apparatus comprising: 
A. a sample table disposed for rotation about 
a vertical axis and including a first plurality of 
sample containers for containing samples, a see- 
so ond plurality of diluted sample containers for con- 
taining diluted samples, and a third plurality of 
emergency samples, said first second and third 
pluralities being arranged in concentric and ordered 
circular rows for sequential operation, said sample 
35 table being operatively connected to first drive 
means which rotates said sample table in a step- 
ping manner to bring said pluralities of containers 
sequentially to a separate predetermined aspiration 
position in each said row, 
40 6. a reaction table disposed for rotation 

about a vertical axis and mounted around said 
sample table, said reaction table including a plural- 
ity of reaction vessels arranged in ordered circular 
rows for sequential operation and concentrically of 
45 said rows of said containers on said sample table, 
said reaction table being operatively connected to 
second drive means which rotates said reaction 
table in a stepping manner to bring said reaction 
vessels sequentially to a predetermined first di- 
50 scharge position, 

C. at least a pair of reagent tables each 
rotatably disposed for rotation about a vertical axis 
and situated externally of said reaction table, ach 
said reagent abt including a plurality of identical 
55 reag nt containers of sectional cross secti n for 
containing at least one type of reagent, said con- 
tainers being laid out in a circular pattern, each 
said reagent table being operatively connected to a 

10 
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separate drive means which rotates said associated 
reagent table in a stepping mann r to bring said 
reagent containers s quentially t a pred termined 
reagent pipetting position, 

D. sample pipetting means mounted adja- 
cent to said reaction table and including a station- 
ary cleaning trough and a pair of first and second 
identical pipetting tubes attached to both ends of a 
linear arm that rotates horizontally pivoted at its 
center on a stationary vertical column and drive 
means which slues said linear arm about said verti- 
cal column to bring each paired pipetting tube first 
to said aspiration position for said sample contain- 
ers where a measured aliquot of sample is picked 
up, then to said first discharge position where said 
picked up sample aliquot is discharged, and finally 
to said cleaning trough where said pipetting tubes 
are cleaned of the sample residue for the next 
round of operation, said paired pipetting tubes be- 
ing operated by said drive means to be alter- 
natively employed in such a manner that, when one 
of said paired pipetting tubes is at said first di- 
scharged, the other stands at said cleaning trough, 
said linear arm being able to slide in a longitudinal 
direction with respect to said vertical column and 
connected to a power transmission system which 
slides said linear arm to extend each said pipetting 
tubes from said aspiration position for said sample 
containers to a diluted or emergency sample con- 
tainer that is currently situated radially and exter- 
nally to said aspiration position so that a measured 
aliquot of diluted or emergency sample can be 
picked up for transfer to said discharge position for 
testing purposes, 

E. reagent pipetting means provided moun- 
ted between said reaction table and each reagent 
table and consisting of a cleaning trough, a pair of 
first and second identical reagent pipetting tubes 
secured to both ends of a linear arm that can rotate 
horizontally from a pivot at its center connected to 
a stationary vertical column, and a drive means 
which slues said linear arm about said vertical 
column to turn each said paired reagent pipetting 
tubes, first to said reagent pipetting position where 
a measured aliquot of reagent is picked up and 
then to a second discharge position, situated a 
predetermined number of steps after said first di- 
scharge position, where said picked up aliquot of 
reagent is discharged to mix with said picked up 
aliquot of sample discharged at said first discharge 
position to produce a reaction mixture in said reac- 
tion vessel so that said mixture is eventually al- 
lowed to cause reaction for subsequ nt analytical 
purposes, 

F. a photometric system for bioch mical and 
ElA analysis of said mixture, comprising a bead 
feeder consisting of a bead disk rotatably disposed 
for rotation about a vertical axis and mounted adja- 



c nt to said r action tabl , a number of b ad 
stockers mount d at circumfer ntial locations along 
the periphery of said b ad disk and each adapted 
to contain beads, a driv means which rotates said 
s bead table to bring said stockers sequentially to a 
predetermined bead supply position, and a feeding 
level provided on each stocker which is actuated 
through an electromagnetic solenoid to open said 
stockers at said bead supply position to supply 
to beads into said mixture to a predetermined bead 
level, a frame or largely U-shaped cross section 
mounted in said reaction table at said bead supply 
position and disposed to move vertically between 
an upper position where one of said reaction ves- 
75 sels at said bead supply position is snugly housed 
in said frame and a lower position where said 
reaction vessel is lowered away from said frame, a 
light source provided mounted at a fixed position 
internally of said bead supply position and adapted 
20 to produce a predetermined wavelength of light 
beam that traverses through said mixture along a 
path below said bead level when said frame is at 
said lower position, sensor means provided moun- 
ted opposite said light source and oriented to re- 
25 ceive said light beam after passage through said 
mixture to detect changes in said light beam com- 
pared with said wavelength, and a built-in optical 
system assembled into said frame and consisting 
of a set of reflectors so arranged that, when said 
30 frame is at said upper position, said light beam is 
allowed to reflect and pass through said mixture 
along a path above said bead level, said optical 
system reflecting said light beam back to be re- 
ceived by said sensor, 
3S Q. electrolytic analysis system for electro- 

lytic analysis of samples on said sample table, 
comprising said sample pipetting means and a 
testing bottle situated at a position along the travel- 
ing path of said sample pipetting tubes, said sam- 
40 pie pipetting tubes being operated to pick up a 
measured aliquot of sample from said first, second 
and third pluralities of containers to discharge into 
said testing bottle for electrolytic analysis, and 

H. fluorescent analysis system for fluores- 
45 cent analysis of samples on said sample table by 
measuring the density of chemicals contained 
therein, comprising a light source provided moun- 
ted at a fixed position in said sample table and 
adapted to produce a predetermined wavelength of 
so light beam that traverses through the sample in one 
of said first plurality of sample containers that is 
rotated to a predetermined scanning position, and 
sensor means provided mounted opposite said 
scanning position to receive said light beam after 
55 passage through said sample container to detect 
changes in said light beam compar d with said 
wavelength. 
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2. An automatic analysis apparatus as s t forth 
in Claim 1 , wherein each said reagent table com- 
prising a housing of largely cylindrical shape con- 
sisting of a circular external wall, a top cover and a 
bottom place, a stationary vertical central column 
provided to support said housing in fixed position 
and running through the center of said housing, a 
torous tray rotatably disposed in said housing and 
adapted to contain said reagent containers in said 
circular pattern, said torous tray consisting of a 
cylindrical external wall and a bottom wall, said 
torous tray being mounted in said housing such as 
to form a top space between said top cover and 
said containers and a bottom space between said 
bottom wall of said torous tray and said bottom 
plate of said housing, said torous tray being oper- 
atively connected to said drive means which 
rotates said tray to bring said containers sequen- 
tially to said pipetting position, and a cooling sys- 
tem adapted to keep said containers at low tem- 
perature and comprising a passage defined in said 
vertical column of said housing through the central 
axis thereof, a supply line interconneted between 
said cooling system and an inlet formed at a lower 
end of said passage, a supply port formed at an 
upper end of said passage and opened into said 
top space, bottom holes formed in said bottom wall 
of said torous tray, an exit port formed in said 
bottom plate of said housing, and a return line 
interconnected between said exit port and said 
cooling device for recirculation of said cooling me- 
dium, whereby said cooling medium after leaving 
said passage moves from said top space to said 
bottom space through the gaps of said adjacent 
containers. 

3. An automatic analysis apparatus as set forth 
in claim 1 or 2, wherein said tray includes a largely 
closed shell of sectorial shape adapted to contain a 
group from said containers which has to be stored 
at room temperature, isolated from the rest which 
is cooled by said cooling system, said shell com- 
prising an eccentric vertical passage defined in 
said vertical column of said housing, an inlet 
formed at a lower end of said eccentric passage 
and opened to the atmosphere, a supply port 
formed at an upper end of said eccentric passage 
and opened into said shell through an upper bent 
hole formed in an upper end of said shell, lower 
vent holes formed in a bottom wall of said shell, 
and exit holes formed in said bottom wall of said 
torous tray, whereby atmospheric air through said 
eccentric passage is allowed to pass through the 
gaps of said gr up of r agent containers in said 
shell so as to keep said group at room tempera* 
ture. 

4. An automatic analysis apparatus as set forth 
in anyone of claim l-3,wherein each reagent pipet- 
ting means includes a pair of agitator means af- 



fixed adjacent to said paried reag nt pip tting 
tubes, respectively, adapt d to stir said mixture at 
a predetermined stirring position situated at a pre- 
determined number of steps after said second di- 

5 scharge position so that said mixture, after having 
prepared by one of said reagent pipetting tubes at 
said second discharge position, is blended into a 
homogeneous state to allow said mixture to cause 
proper reaction, each agitator means comprising an 

70 air pump and a nozzle operatively connected to 
said air pump through an air line, said nozzle being 
submerged into said mixture when said air pump is 
energized. 

5. An automatic analysis apparatus as set forth 
ts in anyone of claims 1-4. said automatic analysis 

apparatus having at least one of said reagent tab! s 
to hold a plurality of reagent containers of identical 
cross section for containing at least one type of 
reagent comprises a cleaning system consisting of 

20 a plurality of detergent containers of similar cross 
section for containing at least one type of a deter- 
gent solution, at least an empty reaction vess I 
placed on said reaction table, and a first means 
which rotates said detergent containers into said 

25 reagent pipetting position in sequential order at a 
predetermined interval for washing during the pro- 
cess of said reagent pipetting means to dispense 
reagent to prepare mixtures of reagent and sam- 
ples for analysis and measurement of the reaction 

30 in said reaction vessels, second means which 
rotates said empty reaction vessel into said di- 
scharge position at said washing interval, and third 
means which, while temporarily suspending said 
reagent pipetting means of said process at said 

35 washing interval, causes said first and second 
pipetting tubes to pick up in turn a predetermined 
amount of fluid from one of said detergent contain- 
ers at said reagent pipetting position and then 
allows said first and second pipetting tubes to di- 

40 scharge said picked-up fluid into said empty reac- 
tion vessel at said discharge position. 

6. An automatic analysis apparatus as set forth 
in anyone of claims 1-5,at least one of said reagent 
tables being disposed for rotation in either direction 

45 on bearings mounted on opposite sides of said 
stationary vertical column, said reagent table com- 
prises a partition to divide the inside of said 
reagent table into a room temperature compart- 
ment and a low temperature compartment, a heat- 
so ing element mounted at a bottom portion of said 
room temperature compartment, an electric line 
connecting said heating element and a point of 
contact fixed on said b arings, said bearings being 
made of a conductive material, and a second lec- 
55 trie line interconnect d between said contacts and 
a pow r sourc through a switch means, wher in 
said heating element is connected to said pow r 
source in a sliding manner. 
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